Aim: This study aimed to determine the 28-day, 1-year, and 5-year survival probabilities in first-ever stroke patients in a relatively understudied setting: a suburban hospital that serves a predominantly rural population in the east coast of Peninsular Malaysia.
stroke is likely to impose continuing burden and strain on health care resources, particularly for countries with limited resources, such as that of middle-income like Malaysia.
In Malaysia, variations are known to exist between the different states or districts, in particular in hospital bed utilisation. Our study setting in the north eastern state of Kelantan, a region with one of the lowest urbanization levels in the country (42.4%) 5 located in the east coast of Peninsular Malaysia, has the second highest bed occupancy rate for publicly funded hospitals (70.6%), the highest one being in the state of Perlis (75.1%, Hospital Tuanku Fauziah, Kangar, Perlis). 6 In relation to stroke, no contemporary data on survival probabilities of first-ever stroke patients in Kelantan exists, despite such a high utilisation of hospital beds.
National data from relatively more urban catchment areas have indicated an overall stroke mortality of 11.1%, with a 3-fold increase for haemorrhagic stroke (24.9%) compared with ischaemic stroke (8.1%). 7 Another study, although with a 10-year gap, at a tertiary centre in the nation's capital, Kuala Lumpur, also reported an overall stroke mortality of 11.7% and 27.3% for ischaemic and haemorrhagic stroke, respectively. 8 Nevertheless, none of these local studies addressed
short-term and long-term survival probabilities, or the relevant prognostic factors. Further, suburban/less urbanized areas remain largely uncharacterized in Malaysia, with regards to stroke mortality. Thus, this study aimed to determine the 28-day, 1-year, and 5-year survival probabilities of first-ever stroke patients in a largely suburban setting in Malaysia. Stroke was defined as "rapidly developing clinical signs of focal (or global) disturbance of cerebral function, lasting more than 24 hours or leading to death with no apparent cause other than that of vascular origin." 1 A first-ever stroke patient was classified as a patient with no evidence of previous stroke, as confirmed by computed tomography scan or magnetic resonance imaging, and neurological examination during admission. During the study period, acute stroke patients were either managed in general medical or neurointensive care wards, with no stroke unit or specific stroke team setting.
Sample size was determined by using Power and Sample Size Calculation software 9 on various types of stroke, with requirements for level of significance (α) of 0.05 and with pre-determined power (1 − β) of 0.80. The detectable hazard ratio of those with subarachnoid haemorrhage (SAH) to those with cerebral infarct of 2.3 was chosen based on clinical expert opinion. The median survival time of stroke patients with cerebral infarct (m 1 = 84) and ratio of stroke patients with cerebral infarct to those with SAH patients (m = 5.54) were obtained from the literature. 10 The accrual time (A) during which the patients were recruited was 84 months, with an additional follow-up time (F) of 12 months. An estimated 10% was added to the final sample size estimation, in anticipation of missing data. The predetermined sample size was 417 patients. Systematic random sampling was applied from the list of stroke patients admitted to HUSM that was recorded in medical records for the period of 84 months ( Figure 1 ).
| Study factors and outcome
All required information, such as demographic characteristics, neurological status, vascular risk factors, and paraclinical parameters, was extracted from the medical records by a single researcher using standard data collection proforma and verified by another researcher.
Demographic characteristics consisted of age at the time of diagnosis and sex. Age at the time of diagnosis was calculated based on difference of date of diagnosis and date of birth of the patient. This was then categorised as age less than 40 and equal, and more than 40 years old.
For neurological status, the variables included types of stroke and Glasgow Coma Scale (GCS). 11 Types of stroke were broadly divided into 3 categories, namely ischaemic stroke, intracerebral haemorrhage (ICH), and SAH. Aetiologies for the ischaemic stroke sub-types, such as large artery or small vessel diseases, were not documented. GCS status, which was used as an indicator of conscious level, was categorised into severe (GCS of 8 or less), moderate (9 to 12), and mild or no impairment (13 to 15).
The variables for vascular risk factors included high blood pressure, hyperlipidaemia, ischaemic heart disease, atrial fibrillation, and smoking Flow chart of the patients analyzed in this study status. Smoking status was categorised into non-smoker, ever-smoked, and current smoker. Paraclinical variables included fasting blood glucose, systolic blood pressure, and diastolic blood pressure. Fasting blood glucose was divided into less than 7.0 mmol/L and more and equal than 7.0 mmol/L. 12 For systolic blood pressure, it was divided into Grade 1 (140-159 mmHg), Grade 2 (160-179 mmHg), and Grade 3 (≥180 mmHg), and for diastolic blood pressure, into Grade 1 (90-99 mmHg), Grade 2 (100-109 mmHg), and Grade 3 (≥110 mmHg). 13 The event in this study was the survival time of first-ever stroke patients, measured in days. The survival time was defined as the time interval between time of diagnosis and time of death, where death was the event of interest. The censored observations were patients who did not experience the event of interest, such as those who were still alive at the end of the study period and those who were lost to follow-ups.
| Statistical analysis
Data were entered and analyzed using Stata/SE version 11 software.
The Kaplan-Meier product limit estimator was used to measure the survival probabilities of first-ever stroke patients at 28 days, 1 year, and 5 years, by incorporating the information from event and censored data. The result was expressed as survival probability and its 95% confidence interval (CI). The Kaplan-Meier survival graph was obtained by plotting the estimated survival probability against survival time plotted
to display an estimate of a survival probability for the categorical independent variables. [14] [15] [16] In order to test the equality of survival time between different groups, log-rank test was used, by testing the null hypothesis that no statistical difference in the survival time among the groups existed.
For a categorical variable with 2 levels, the level of significance was set at 0.05. On the other hand, for a categorical variable with more than 2 levels, the P-value obtained from the pair-wise comparison was compared with the level of significance after Bonferroni correction. The level of significance (α = 0.05) was divided by the number of pairs in this correction. The P-value obtained was then compared with this corrected level of significance. A decision was then reached in order to determine whether the difference of survival time was significant or not.
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3 | RESULTS Overall survival probabilities of first-ever stroke patients Descriptive statistics of first-ever stroke patients are shown in Bonferroni correction was applied for prognostic factors ≥3 levels by correcting the level of significance alpha (α/number of pairs = 0.05/3 = 0.017).
in Table 2 . The Kaplan-Meier survival probability curve for the different stroke types is shown in Figure 3 (ischaemic stroke), Figure 4 (ICH), and Figure 5 (SAH), respectively. Based on the logrank test results, there were significant differences of the overall survival probabilities in GCS, hyperlipidaemia, atrial fibrillation, fasting blood glucose, and diastolic blood pressure. Patients diagnosed with SAH had the lowest survival probability, followed by ICH and ischaemic stroke.
Patients with severe GCS at admission had the lowest survival probability, followed by those with moderate and mild GCS. The survival probability was higher in stroke patients with hyperlipidaemia.
Even though there was only a small number of patients with atrial fibrillation, the survival probability still showed significant difference.
Patients with atrial fibrillation had lower survival probability compared with patients with no atrial fibrillation (P-value = 0.005). Patients with a fasting blood glucose of more than 7.0 mmol/L had lower survival probability compared with those with less than 7.0 mmol/L (P-value = 0.033). Patients with grade 3 diastolic blood pressure had lower survival probability compared with those with grade 1
(P-value = 0.006). Compared with previous studies done in developed countries, 17, 18 in this study, the median age of first-stroke patients was considerably lower, and there was a higher incidence of ICH. We found that the mortality following an acute stroke is highest in the first 28 days. Atrial fibrillation was much less commonly associated, but diabetes was much more commonly associated with acute ischemic stroke than in developed countries.
Short-term or long-term survival probabilities after first-ever stroke event have been noted to differ between different populations, which highlights the need to evaluate these variables in different settings. The comparison of the results obtained in this study and other studies is summarised in Table 3 . In this study, the 28-day survival probability was 78.0% (95% CI: 73.5-81.9), comparable to the result obtained in a study conducted in the state of Penang, Malaysia (an urban setting), which was 79.7%. 31 However, our 1-month survival probability figure (78%) is lower than that reported in previous studies, which ranged from 80.2% to 95.2%. 17, 24, 32 The overall 1-month survival probability for the different stroke types in this study was higher in ischaemic stroke patients (83.4%), followed by ICH (75.3%) and SAH (54.0%). These figures are comparable to the findings reported at Penang Hospital, with ischaemic stroke at 88.6% and haemorrhagic stroke at 53.2%. 31 By contrast, the Danish Indicator Project reported 1-month survival probabilities of 95.2% and 80.2% in ischaemic stroke and ICH, respectively. 17 Several reasons may account for this marked difference. In developed countries, such as Denmark in this case, the general public is likely to be more informed about symptoms of stroke, and patients are more likely to seek timely hospital treatment. In addition, patients are likely to receive care in a stroke unit setting upon admission to the hospital, and/or to be cared for by a multi-disciplinary stroke team. Another study on those managed in stroke intensive care unit also reported a higher 1-month survival probability in ischaemic stroke (87.2%) and ICH (82.2%). 24 Given that specialist stroke unit care is an evidence-based model for stroke care, the marked difference in 1-month survival probability is reflected by our study population of first-ever stroke patients, which received care within a generic general medical ward setting without coordinated access to a multi-disciplinary stroke team. Management details for those with SAH were not collected within the study data collection proforma. However, all SAH patients were managed by the neurosurgical team at a dedicated neurosurgical intensive care unit in our setting. A prospective study to assess the management and outcome of SAH is warranted in our population.
The 1-year survival probability in our study was 74.2% (95% CI:
69.4-78.4), which is comparable to that found in previous studies, which ranged from 59.0% to 93.2%. 10, 21, 26, 30 While a lower figure (59%) was reported in a community-based study in Copenhagen, 10 the mean age of patients in that study was 61.4 years and 62.8 years for ischaemic stroke and ICH, respectively, which contrasts with our relatively younger stroke population (mean: 59 years old). Other studies have reported higher survival probability, which may derive from the fact that they solely included ischaemic stroke survivors. 4 Kaplan Meier survival probability curves for intracerebral haemorrhage stroke, among first-ever stroke patients, based on different clinical parameters In this study, even though there was no statistically significant difference in the log-rank test, the survival probability of 1-year was higher in males (76.3%) compared with female patients (71.4%).
However, this is in contrast to 1 Japanese study that reported a significant difference of survival probability between sex in patients more than 80 years old (P-value = 0.033), where the survival probability appeared lower in males compared with females (82.0% and 85.6% respectively). 21 Although the prospective nature of this Japanese data offers a more reliable conclusion than that of our retrospective, single-centre data limitation, our patients were considerably younger, and, therefore, the results are not directly comparable.
While the 5-year survival probability of first-ever stroke patients in our study was 70.9% (95% CI: 65.1-75.9), other studies have reported a 5-year survival probability of approximately 40.0%. 10, 19 In these studies, older age group was thought to increase the mortality among stroke patients. 10, 19 By contrast, in our study, those aged 70 and above represented only 22.0% of the patients (mean age of all patients: 59 years old). Moreover, the mortality among the long-term stroke survivors has been attributed to causes other than stroke and related complications, including accidents, cancer, suicide, and other morbidities. 10 In relation to stroke types, our result for the long-term survival probability was comparable with the short-term survival probability.
The survival probability was generally lower in haemorrhagic stroke (ICH and SAH) when compared with ischaemic stroke. However, in a study that was part of the Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) Project, the long-term survival probability for patients aged 65 and above was reported to be better for SAH than for other types of stroke. 10 We found a significant difference (P-value = 0.005) in 5-year survival probability between stroke survivors with atrial fibrillation (46.5%) compared with those without atrial fibrillation (72.0%). While a small number of cases and sample bias may have influenced this finding, as over 90% of patients were 40 years old or older at the time of the diagnosis (mean: 59 years old; standard deviation: 13.5), similar finding were reported in the Copenhagen Stroke study, whereby the 5-year mortality risk was significantly higher in stroke patients with atrial fibrillation (79.4%) than in those without atrial fibrillation (54.6%) (P-value < 0.001). 23 The small number of those found to have atrial fibrillation in this study was determined solely from the medical records: from the discharge summary entry of the diagnosis, as well as from any documented ECG and/ or prolonged cardiac monitoring where indicated. Kaplan-Meier survival estimates (diastolic blood pressure) (i) FIGURE 4 Continued.
There was no significant difference of short-term and long-term survival probabilities according to smoking status in this study. However, the survival probability was lower in current smoker patients compared with ever-smoked and non-smoker groups. A statistically significant association was found between 5-year mortality risk and smoking status in the Copenhagen Stroke study (P-value = 0.010).
The cumulative risk was lower in smokers (54.3%) compared with non-smokers (59.2%). 23 In our study, even though there was no significant difference of overall survival probability between age groups (P-value = 0.150), the survival probability was lower for patients aged more than 40 years compared with those aged less than 40 years. This is (f) FIGURE 5 Kaplan Meier survival probability curves for subarachnoid haemorrhage stroke, among first-ever stroke patients, based on different clinical parameters consistent with a previous study which reported the cumulative survival probabilities for patients aged 35 to 59 years, 60 to 79 years, and more than 80 years of 70.0%, 55.0%, and 15.0%, respectively. 27 It is recognised that both the short and long-term survival probabilities tend to reduce drastically with the increasing level of stroke severity. Glasgow Coma Scale (GCS) was used to guide stroke severity in our data, as this was routinely documented in our patients' medical records. Those with lower GCS appeared to have lowest survival probability. Studies using stroke-specific scales to assess stroke severity, such as National Institutes of Health Stroke Scale (NIHSS) or World Federation of Neurological Surgeons Scale, had reported an increased risk of dying with stroke severity on admission. Indeed, a study in a Taiwanese setting reported increases in mortality rates from 7.8% to 58.6% as a result of an increase in NIHSS score, 26 while another study revealed that high NIHSS score among stroke patients on admission was associated with early mortality. 33 We recognise several limitations to this study and emphasise that the study findings be used and interpreted within its context.
Firstly, this study was confined to 1 hospital, which limits the generalisability of the finding to the Malaysian population. Secondly, data were retrospectively extracted from secondary data sources.
Because it was a retrospective record review study, information on variables under study were not as comprehensive and might have been subjected to sample bias. Additional information, such as assessment using a stroke-specific scale, could not be obtained from this retrospective data. And thirdly, patients with incomplete observations were excluded from the analysis and this may have underestimated the overall results.
Despite these limitations, this study has several strengths to support the validity and reliability of the results obtained. A deductive sample size determination was performed prior to the study.
The sampling method applied was appropriate to address the research questions of this study which was systematic random sampling. 34 This sampling method was probability sampling, where everyone in the sampling frame had an equal probability of being chosen. This approach made the sample more representative of the population from which it was drawn. Lastly, there was no contemporary data on survival probabilities of first-ever stroke in Malaysia;
therefore, this study established to date, contemporary information on first-ever stroke patients in Malaysia, specifically from an understudied suburban region. Kaplan-Meier survival estimates (diastolic blood pressure) (i) FIGURE 5 Continued. 
| CONCLUSION
In conclusion, this study though retrospective, provides some useful information about both short and long-term survival probabilities among first-ever stroke patients managed in a suburban hospital setting in Malaysia. Our data emphasise the need for the urgent development of specialist stroke units and also for prospective multi-centre studies on first-ever stroke patients to better inform the development of stroke care provision in Malaysia.
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